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We studied SNS- and S-N-S-N-…-S contacts (where S – superconductor, N – normal metal) 
formed by “break-junction” technique in polycrystalline Sm1-xThxOFeAs superconductor 
samples with critical temperatures TC = (34 – 45) K. In such contacts (intrinsic) multiple 
Andreev reflections effects were observed. Using spectroscopies based on these effects, we 
detected two independent bulk order parameters and determined their magnitudes. Theoretical 
analysis of the large and the small gap temperature dependences revealed superconducting 
properties of Sm1-xThxOFeAs to be driven by intraband coupling, and 11 22 12/ 1V V V 4≈  (where 
Vij – electron-boson interaction matrix elements), whereas the ratio between density of states for 
the bands with the small and the large gap, N2/N1, correspondingly, was roughly of an order. We 
estimated “solo” BCS-ratio values in a hypothetic case of zero interband coupling (Vi≠j = 0) for 
each condensate as 2ΔL,S/kBTCL,S ≤ 4.5. The values are constant within the range of critical 
temperatures studied, and correspond to a case of strong intraband electron-phonon coupling. 
 
 
1. Introduction 
 The family of oxypnictide compounds with LnOFePn-type (Ln – lanthanide, Pn - 
pnictide) structure, or “1111” [1], is the most numerous and covers all the range of critical 
temperatures, up to 56 K [2], among iron-based superconductors. 
  Oxypnictides have pronounced layered structure: superconducting Fe-As blocks 
separating by Ln-O spacers form a “sandwich” along the c-direction. Superconductivity emerges 
by spin density wave state suppression under doping or ambient pressure [3], which is similar to 
that in cuprates. The most interesting feature of oxypnictides is their multiband nature. Band 
structure calculations showed hole and electron sheets coexisting at the Fermi surface, where at 
least two quasi-two-dimensional superconducting condensates form at low temperatures (T ≤ TC) 
[4-6]. To date, the unsolved questions are those concerning mechanism of superconductivity and 
symmetry type of superconducting gaps [7]. On the one hand, one cannot neglect the coinciding 
between vector of Fermi surface nesting along Γ-M-direction and vector of antiferromagnetic 
ground state, which causes a peak of dynamic spin susceptibility (“magnetic resonance” with 
energy less than the large superconducting gap, Eres ≤ 2ΔL) [8]. The latter may hint at possible 
Cooper pairing on spin fluctuations, which suggests sign-changed order parameter (so called s±-
model) [9,10]. However, experimental data showing the susceptibility peak for iron-based 
superconductors are rather controversial, whereas the observed peak being smeared do not 
satisfy the resonance condition Eres ≤ 2ΔL [6, 11]. As for 1111 system, the magnetic resonance 
was traced only in two works [12, 13] with Eres ≈ 2ΔL [14]. On the other hand, it is possible to 
describe iron-based superconducting system in framework of orbital fluctuation coupling 
(constant-sign s++-model), where the resonance peak is irrelevant to mechanism of 
superconductivity [15]. The latter was confirmed in recent work on cuprates [16], where the 
resonance peak position was shown to be 2ΔL. Despite the popularity of s±-theory, recently a lot 
of works supporting s++-mechanism appeared [17-21]. Both of the competing theories converge 
on the electron-phonon origin of intraband coupling in each condensate, which is verified by a 
strong isotope effect on atoms of iron [22]. 
 The difficulty emerged is that the experimental data on determination of superconducting 
gaps (to be compared with magnetic resonance energy) and their temperature dependences 
(which could facilitate estimation of electron-boson coupling constants) are inconsistent. 
Measurements by the most popular tunnel technique, point contact spectroscopy, give 
tremendous scatter in the BCS-ratio values for both, the large gap (2ΔL/kBTB C = 3 - 22), and the 
small gap (2ΔS/kBTC = 1.7 - 6.8) ([6, 23-30], see also Tables 1 in [31, 32]). For example, the 
results obtained in [24, 29] on SmO1-xFxFeAs samples synthesized similarly to those studied 
here, differ drastically. Authors of [29] observed Andreev peculiarities in NS-spectra from two 
superconducting gaps with 2ΔL,S/kBTC ratios of 7 - 9 and 2.5 - 3, correspondingly. In contrast, 
scanning tunneling microscopy studies [24] were able to detect the only gap with the BCS-ratio 
of about 3.6. At the same time, in [26] NS-Andreev spectroscopy of SmO1-xFxFeAs gave for the 
large gap the value 2ΔL/kBTC ≈ 4.7, for the small gap – 1.7. In [27, 28], a BCS-like temperature 
behavior of the only gap with the BCS-ratio closed to weak coupling limit 3.52 was observed. 
Optical studies [30], in contrast, yielded higher BCS-ratio value for the large gap, 2ΔL/kBTC ≈ 8. 
Comprehensive studies of SmFe1-xRuxAsO0.85F0.15 samples with different ruthenium 
concentrations and the range of TC = (13 - 52) K [25] unambiguously set two gap peculiarities in 
NS-spectra and BCS-like gap temperature dependences typical for a strong interband interaction. 
Summarizing different experimental data on iron-based superconductors, authors of [25] also 
plotted the dependences of the ΔL and ΔS characteristic BCS-ratios on TC. According to [25], 
2ΔL,S/kBTC rises drastically with decreasing of critical temperature, which is, in their opinion, a 
sign of the coupling mediated by spin fluctuations. 
 Here we present dynamic conductance spectra of Andreev break-junctions formed in 
Sm1-xThxOFeAs polycrystalline samples (with thorium doping) and critical temperatures 
TC = (34 - 45) K. Using Andreev spectroscopy and intrinsic Andreev spectroscopy we determine 
the large and the small superconducting gaps and their temperature dependences. We estimate 
BCS-ratios, anisotropy degree for the large gap, relative electron-boson coupling constants, and 
the ratio between densities of states for the two bands. A strong electron-phonon coupling is 
shown to be driven in both condensates of 1111 system, while the interband interaction is weak. 
Any variation of spacer structure was concluded not to change the mechanism underlying 
superconductivity, but to influence on the Fermi level density of states. The latter, in turn, leads 
to TC variation. 
 
 2. Experimental details 
 We used Sm1-xThxOFeAs polycrystalline samples with various doping level 
(0.15 ≤ x ≤ 0.3) synthesized under high-pressure; for details see [33, 34]. X-ray diffraction 
studies showed a presence of the only superconducting phase Sm1-xThxOFeAs, while the amount 
of accidental nonsuperconducting phases ThO2 and SmAs did not exceed 10%. Bulk critical 
temperatures determined from resistive measurements of the samples were TCbulk = 45 ± 1 K 
(NZ5 sample), and TCbulk = 40 ± 1 K (NZ7, NZ9 samples). 
 SNS-Andreev spectroscopy being the experimental technique we used for studies of 
superconducting properties is based on the effect of multiple Andreev reflections from NS-
interfaces of superconductor – normal metal – superconductor structure, or SNS [35]. A 
necessary condition to observe the effect is a small contact diameter a which should be less than 
quasiparticle mean free path l [36]. Then a set of peculiarities at certain bias voltages Vn = 2Δ/en, 
so-called subharmonic gap structure (SGS), would appear in I(V)- and dI(V)/dV-characteristics 
of SNS-contact [37-39]. In a case of high transparency contact, series of dynamic conductance 
minima would be observed [39, 40]. A presence of two such structures corresponding to each 
gap is typical for two-gap superconductor. Due to finite value of l/a ratio, probability of elastic 
penetration of SNS-interface by a quasiparticle decreases at low bias voltages. This leads to both, 
fading of relative amplitude of Andreev peculiarities with their number increasing, and the 
presence of an excess current area, so-called foot, in current-voltage characteristic (CVC) 
appearing at Vn → 0. Thus, the main signs to multiple Andreev reflections effect are the foot in 
I(V)-characteristic within the range of low bias voltages, and the SGS in dynamic conductance 
spectrum of the contact. The latter manifestation, in accordance with theory [39], facilitates 
determination of superconducting order parameter using Andreev reflex positions as 
2Δ = 〈eVn⋅n〉 at any temperature within the range of 0 < T ≤ TC. Therefore, Andreev 
spectroscopy of symmetrical SNS-contacts provides a unique opportunity to direct 
measurements of superconducting gaps and their temperature dependences without any dynamic 
conductance spectrum fitting; the latter is required, for example, for unsymmetrical NS-contacts. 
 To implement multiple Andreev reflections spectroscopy experimentally, we exploited 
the “break-junction” technique [41]. Corners of superconductor sample, which was prepared as 
thin rectangular plate of about 3×1.5×0.2 mm3, were covered by indium-gallium solder spots; in 
such the way the sample was fixed on a spring sample holder to provide 4-contact connection. 
Then the sample holder was cooled down to T = 4.2 K and was bended mechanically. This led to 
the sample natural cleavage with a formation of contact of two superconducting banks through a 
weak link (ScS-contact, where c is constriction). Obviously, the microcrack was generated 
remotely from current and potential leads, which excluded an overheating of the contact area 
during the current applying, and guaranteed a good heat sink. Precise curving of the sample 
holder implies both, providing of a controlled sliding of two superconducting banks apart, and 
preventing a cryogenic cleft degradation. 
 CVC and dynamic conductance spectra presented here are typical for classical SNS-
contact of high transparency [39]. The weak link thus formally acts as normal metal. In terms of 
average values of mean free path l ≈ 13 nm [42, 43], bulk resistivity of the samples in the normal 
state ρn ≈ 8 × 10-5 Ω·cm [34], and resistance of the contacts studied 〈R〉 ≈ 50 Ω, one can estimate 
the contact diameter [36] as 4 / (3 ) 1na l Rρ π= 0≈ nm. This value is of the same order as the 
quasiparticle mean free path. Therefore, it is possible to obtain ballistic break-junctions and to 
observe multiple Andreev reflections effect using these samples. Number of Andreev 
peculiarities is expected to be 1–2. 
 It is widely known that steps-and-terraces are formed on clefts of any layered compounds 
(including polycrystalline ones). In superconducting oxypnictides they can be realized as S-N-S-
N-…-S-contacts, where Fe-As layers play a role of superconductors, spacers act as weak links. 
Intrinsic multiple Andreev reflections effect (IMARE, firstly reported in [44]) being similar to 
intrinsic Josephson effect [45, 46] was observed on such contacts in cuprates and, later, on other 
layered superconductors. As a height of each step is divisible by c lattice parameter, such 
junctions being identical are electrically equivalent to the single ScS-junctions connected in 
series. Therefore, bias voltage of any CVC peculiarities depicting bulk properties of the material 
would be N times greater than that in single ScS-junction characteristic. Bias voltage of Andreev 
reflexes for such array will hence coincide with Vn of minima in single-junction characteristic 
under normalizing, while the superconducting gap value could be determined as 2Δ⋅N = 〈eVn⋅n〉. 
As the stack is in fact a part of natural structure of the material, a defect contribution (caused by 
the formation of surfaces – cryogenic clefts) to the dynamic conductance decreases with N 
increasing. The latter becomes clear in the experiment: according to our data [47], the increasing 
of N makes SGS minima in spectra of Andreev-type stacks sharper, which boosts the accuracy of 
evaluation of the order parameter essentially, and allows concluding on anisotropy degree. With 
it, probing of namely intrinsic multiple Andreev reflections effect guaranties determination of 
superconducting order parameters in a bulk. A mechanical readjustment providing easily by the 
“break-junction” technique makes it possible to form tens of single contacts and arrays on 
cryogenic clefts of one and the same sample. 
 As estimated in [34], transport properties of Sm1-xThxOFeAs polycrystalline samples we 
used are strongly anisotropic (anisotropy degree γ ≈ 10), which means a pronounced layered 
structure. The high values of critical fields Hc1 are followed from qualitative intergrain 
boundaries. As the contact diameter estimated is much less than both, crystallite dimensions 
(about 70 mcm [34]), and typical terrace width (50-500 nm [47]), this opens a unique possibility 
to use the “break-junction” technique for symmetrical contact forming not only in single crystals, 
but in polycrystalline samples of layered compounds too [47], as well as to local probing of the 
superconducting properties. 
 Thus, the superconducting order parameters were probed by the two methods: Andreev 
spectroscopy of SNS-contacts (MARE), and intrinsic Andreev spectroscopy of S-N-S-N-…-S-
type stacks (IMARE). Both methods provide direct and local (i.e. for point contact with diameter 
of about tens nanometers) determination of gap values at any temperatures till TC. At the same 
time, IMARE spectroscopy is more preferable because guarantees measuring of namely bulk 
properties and excluding of low-quality contacts, such as grain-grain ones. 
 
 3. Experimental results and discussion 
 Spectra of SNS-Andreev contacts obtained on cryogenic clefts of nearly optimally doped 
Sm1-xThxOFeAs polycrystalline sample (labeled as NZ5) with bulk critical temperature 
TCbulk ≈ 45 K are presented in Fig. 1. Upper characteristic depicts dynamic conductance of single 
SNS-contact #d1 obtained in NZ5 sample at T = 4.2 K (further, we will refer to the contact as 
NZ5_d1 for brevity). Dynamic conductance rises dramatically at low bias voltages being the so 
called foot area, which is typical for classical SNS-Andreev contact. Two series of Andreev 
peculiarities are clear: for the large gap, at VL1 ≈ ±22 mV and VL2 ≈ ±11.9 mV, as well as for the 
small gap, at VS1 ≈ ±6 mV and VS2 ≈ ±3.2 mV. According to SGS formula, the positions of these 
dips define the value of two superconducting gaps: ΔL ≈ 11.5 meV (that gives BCS-ratio 
2ΔL/kBTCbulk ≈ 5.9), and ΔS ≈ 3.1 meV. When assuming this spectrum to correspond to N-
junction stack (where N ≥ 2), the BCS-ratio thus would be 2ΔL/kBTCbulk ≈ 5.9/N ≤ 3, which is 
obviously impossible for driving band because the value must exceed the weak-coupling BCS-
limit 3.52. Therefore, to determine gap values for spectra of the arrays obtained consequently on 
one and the same sample, one should normalize the spectra by N times in accordance with the 
single-junction spectrum (NZ5_d1). Fig. 1 also shows normalized dynamic conductance for 
stack contacts NZ5_d2 (number of junctions in the array N = 2), NZ5_d3 (N = 4), NZ5_d4 (N = 
6), NZ5_d6 (N = 5), and NZ5_d8 (N = 7). The dI(V)/dV-curves were shifted vertically for 
clarity. When scaling the bias voltage axis for these spectra by 2, 4, 6, 5, and 7, correspondingly, 
we achieved the coincidence between positions of Andreev peculiarities for both, the large gap 
(the positions are marked by gray areas covering 10% uncertainty, and by nL labels), and the 
small gap (the range of values is marked by dashed areas, the corresponding peculiarities are 
signed by arrows and nS labels). Note that bias voltages of the gap peculiarities observed at SNS-
Andreev spectra are integer multiple by 2Δi, which would be impossible in case of grain-grain 
contacts.  
 Therefore, we reproducibly observe multiple Andreev reflections effect and intrinsic 
multiple Andreev reflections effect, those manifested as two independent SGSs in SNS-contact 
spectra. In addition, it is worth noting the gap values to be self-consistent when determined by 
both the methods. This means a good quality of cryogenic clefts obtained. Moreover, taking into 
account the position of peculiarities caused by adverse influence of surface to be independent on 
N (see above), one can conclude on bulk nature of both, the large and the small gaps. 
 To determine the large and the small gap values, we plot the dependence of Andreev dips 
position Vn on their reversed number 1/n (Fig. 2). Solid data points in the figure correspond to 
the large gap peculiarities, open data points match to the small gap ones. As expected in 
accordance with formula Vn = 2Δ/en, the experimental data are well-approximated by two 
straight lines of different slope, both crossing (0,0) point. Hence, the data do form two 
independent SGSs. The average value of the large gap (TClocal ≈ 45 K) is thus 
ΔL = 10.8 ± 1.1 meV, of the small gap – ΔS = 2.9 ± 0.4 meV. Relatively large dispersion of the 
small gap values for these spectra may be caused by anisotropy as well as the location of the ΔS- 
minima peculiarities on the high-conductance area (foot) corresponding to the band with the 
large gap, which obstructs the determination of the peculiarity positions. The BCS-ratios can be 
estimated as 2ΔL/kBTClocal ≈ 5.6 >> 3.52, and 2ΔS/kBTB Clocal ≈ 1.5 << 3.52. 
 The fine structure of Andreev minima for ΔL also is worth-noting: the doublet-shape of 
the first peculiarity is clear in spectra for #d1, #d3, #d4, #d6, and #d8 contacts. This may point to 
the ΔL gap anisotropy within the range from 10% to 30% (the positions of the minima in the 
doublet determine the minimal and the maximal value of the order parameter). The deviation 
from “pure” s-wave symmetry is also concluded from relatively wide Andreev minima. 
 Fig. 3 shows normalized spectra for contacts with low critical temperatures 
(TClocal ≈ 37 K) obtained on Sm0.85Th0.15OFeAs samples at T = 4.2 K: NZ9_d8 (N = 6), NZ7_d17 
(N = 6), NZ7_c (N = 6), NZ7_d (N = 6), and NZ9_d14 (N = 8). For comparison, we show 
normalized CVC with excess current typical for SNS-Andreev mode, for NZ7_c contact. As in 
Fig. 1, the positions of SGS minima for both gaps coincide well after the normalization of these 
spectra by corresponding integer N. The most intensive minima located at VL1 ≈ ± 16.6 mV and 
VS1 ≈ ± 3.4 mV, in accordance with the aforementioned formula determine 2ΔL and 2ΔS, 
correspondingly. Andreev peculiarities of higher order (nL,S = 2) located at VL2 ≈ ± 8.3 mV and 
VS2 ≈ ± 1.7 mV are clear only in spectra of the most qualitative contacts which diameter is 
seemed to be minimal. A fine structure of the main minima for the large gap is well-
reproducible. Dashed line in Fig. 3 shows the position of additional peculiarity V* ≈ ± 12.5 mV 
which is caused by bulk properties of the material and can be interpreted as exhibiting the k-
space anisotropy of the large gap. This means the maximal value of the driving order parameter 
to be about ΔLmax = eVL1/2 ≈ 8.3 meV, and the minimal value to be about 
ΔLmin = eV*/2 ≈ 6.3 meV, whereas the anisotropy degree is of the order of 25% (extended s-wave 
symmetry). The Vn(1/n)-dependence for spectra from Fig. 3 is shown in Fig. 4. Similarly to that 
for high-TC contacts, the positions of the Andreev minima observed groups into two straight 
lines. Their slopes give the average gap values: the large gap ΔL = 8.3 ± 0.7 meV, and the small 
gap ΔS = 1.7 ± 0.2 meV (TClocal ≈ 37 K). Interestingly, the BCS-ratios for each gap are still 
constant herewith: 2ΔL/kBTClocal ≈ 5.2 >> 3.52, and 2ΔS/kBTClocal ≈ 1.1 << 3.52. 
 To obtain the temperature dependence for the large and the small gap in nearly optimal 
doped NZ5 sample, we measured the dynamic conductance spectrum of NZ5_c contact (N = 4) 
within the temperature range 4.2 K ≤ T ≤ 45 K, till the TC (Fig. 5). The characteristics were 
shifted vertically along with temperature raise for clarity. In the spectrum measured at T = 4.2 K, 
the positions of Andreev dips for the large gap ΔL ≈ 10.5 meV are marked by nL labels, for the 
small gap ΔS ≈ 2.8 meV – by arrows and nS labels. According to the theory [39], temperature 
smearing affects only the relative amplitude rather than the position of Andreev minima in 
spectrum of symmetrical SNS-contact. Explicitly, the minima corresponding to both gaps move 
toward the low biases and become less intensive with the temperature increasing; finally, the 
spectrum appears to be linear. The latter means the transition of the contact area (of about 10 nm 
in diameter) to the normal state, which occurs at the local critical temperature of the contact 
TClocal ≈ 45 K.  
 Using the data presented in Fig. 5, we plot the temperature dependence of the large gap 
(solid circles), and the small gap (open circles) shown in Fig. 6. Firstly, it is worth comparing 
their temperature behavior. Crossed circles depict the small gap dependence which was 
normalized to the large gap value at T = 4.2 K, while dash-dot lines show ordinary single-gap 
BCS-like function. Evidently, while the large gap dependence ΔL(T) hardly deviates from the 
BCS-type, the ΔS(T) dependence differs drastically from ΔL(T), thus supporting that peculiarities 
observed are concluded to describe the properties of different superconducting condensates in 
the bulk. Moreover, the behavior of the small gap is obviously non-described by single-gap 
BCS-model. To interpret the phenomenon, we fitted the temperature dependences ΔL,S(T) by 
two-gap model by Moskalenko and Suhl [48,49] with renormalized BCS-integral (the fitting is 
presented in Fig. 6 by gray solid lines). According to this model, the shape of temperature 
dependences depends on values of four electron-boson coupling constants λij = Vij⋅Nj (Vij – 
matrix interaction element, Nj – density of quasiparticle states at Fermi level in the normal 
metallic state for jth band), where two of them are intraband (i = j), and other two are interband 
(i ≠ j). The temperature dependences obtained are typical for weak interband coupling: at low 
temperatures the small gap closes drastically, while the large gap “sags” relatively to the BCS-
like function. Further, while ΔS(T) fades to zero, ΔL(T) returns to the standard single-gap 
dependence, then tends to TC abruptly. 
 Similar dependences were obtained and plotted for NZ7_c contact with low critical 
temperature (TClocal ≈ 37 K). The spectrum measured within 4.2 K ≤ T ≤ TClocal is shown in Fig. 
7. Here the dynamic conductance curves are also shifted along the vertical scale in order of 
temperature increasing. The dashed line depicts the spectrum of this contact measured at 
T = 4.2 K after thermocycling (lower curve). As one can see, the shape and the position of SGS 
peculiarities in this dI/dV-characteristic are reproducible, which demonstrates a mechanical 
stability of our break-junction. Andreev dips for the large gap ΔL ≈ 8.3 meV are marked by nL 
labels in spectra measured at T = 4.2 K, for the small gap ΔS ≈ 1.8 meV – by nS labels. 
Temperature dependences ΔL,S(T) for this contact are presented in Fig. 8 (solid circles and open 
point-centered circles, correspondingly). Similarly to the contact with high TClocal (see Fig. 6), 
temperature increasing affects the positions of Andreev minima caused by ΔL and ΔS differently. 
Normalized dependence of the small gap, ΔS(T)ΔL(4.2K)/ΔS(4.2K) marked in Fig. 8 by crossed 
circles deviates from the large gap dependence. The behavior of both gaps is analogous to that 
presented in Fig. 6. It deviates typically from single-band BCS-like dependences (shown by 
dash-dot lines) and fully agrees with Moskalenko and Suhl system of equations [48,49] (the 
corresponding fitting is presented by gray solid lines). Similar ΔL,S(T) behavior was observed by 
us earlier in Mg1-xAlxBB2 [50], LiFeAs [51], and GdFeAsO0.88 [52]. 
 The fundamental parameters of superconducting state of Sm1-xThxOFeAs determined 
with a help of fitting by two-gap equation system (see Figs. 6, 8) are summarized in the table. In 
order to compare, we also present the data on GdFeAsO0.88 being another Fe-based oxyarsenide 
with critical temperature TClocal ≈ 49 K; the corresponding temperature dependences and their 
fitting by Moskalenko and Suhl model were published earlier in [52]. Let us compare the values 
of relative λij constants (normalized by λ11). We judge the main role in superconductivity in 
both, Sm1-xThxOFeAs and GdFeAsO0.88, to be played by intraband Cooper pairing: along the 
TClocal variation, the λLL and λSS constants have maximal values (see the table). The ratio 
LSSSLLSLLSSSLL VVV // == λλλλβ  demonstrates that the intraband coupling is more than order 
of magnitude stronger than the interband coupling.  
 Now we compare the “solo” parameters TCi and 2Δi/kBTCi (where i = L,S) for the two 
condensates, describing the properties of each of them in a hypothetical case of zero interband 
interaction. “Solo” BCS-ratios remain unchanged within the range of critical temperatures 
37-49 K: both gaps scale with TC. Herewith, for the large gap, the characteristic ratio is about 
2ΔL/kBTCL = 4.5-4.8. For the small gap, the ratio is averagely lower, 2ΔS/kBTB CS = 3.8-4.5, albeit 
is close to that for the ΔL-condensate. Basing on some experimental data [19,22], one can 
confidently enough conclude on a strong electron-phonon nature of intraband coupling being in 
the framework of the theory by Eliashberg. The latter also agrees with some recent theoretical 
calculations [5,7,9,10,15] for both, s  and s -model. ++ ±
 So, the values of λSS /λLL as well as “solo” ratios 2Δi/kBTCi estimated remain nearly 
constant in spite of both, the variation of doping concentration in Sm-based samples and 
underlying lanthanide Sm/Gd, i.e. in the samples studied only chemical composition of spacers 
rather than Fe-As blocks is changed. The Fe-As blocks have nearly constant degree of structural 
ordering, whereas only doping level, and, hence, NL,S values are varied. Therefore, spacers in 
1111 structure act as charge reservoirs not taking any part in superconductivity directly. 
Specified variations of composition are seemed to be unaffecting the pairing mechanism and the 
strength of electron-boson interaction. Basing on it and taking into account both, quasi-two-
dimensionality being the same for the ΔL and ΔS condensates and similar structure of the Fermi 
surfaces, one can easily explain the observed scaling between each gap and critical temperature. 
We hence can compare superconducting properties of oxypnictides of different composition 
using two relative parameters: the ratio of nondiagonal coupling constants (or, which is the same, 
the ratio between densities of states in the bands α = λLS/λSL = NS/NL), and the ratio between 
effective intraband coupling and effective interband one LSSSLL VVV /=β . According to our 
data, these parameters are also still unchanged within the range of TC = (37-49) K: α ≈ 10 with 
10% uncertainty, and β = 10-14. High β value shows that the condensates interact weakly with 
each other, whereas the interband interaction is non-negligible when describing such the two-gap 
system, due to the difference between the densities of states in the two bands. 
 Turning to the temperature dependences of the gaps (see Figs. 6, 8, and Fig. 2 in [52]), 
one can conclude that the “tail” observed experimentally in ΔS(T) originates from an induced 
superconductivity in the bands with the small gap by dominating ΔL-condensate at the 
temperatures higher than “solo” TCS ~TClocal/3 (see the table) through a k-space proximity effect 
[53]. With it, namely sizable density of states in ΔS-band (high α value) distorts the temperature 
dependence of the large gap. As a result, we observe the powerful curvature of ΔL(T)-
dependence in relation to single-gap BCS-like function. Our data also point to the local critical 
temperature to be up to 20% lower than “solo” TCL for condensate owing to the large gap. 
 In conclusion, “solo” BCS-ratios 2Δi/kBTCi for the two bands are close and lie in the 
range of 4.3 ± 0.5 within TC = (37-49) K. Such high values of critical temperatures result from a 
strong intraband electron-phonon coupling in the condensate with the large gap. The nature of 
the bands with the small gap is similar, but the corresponding coupling is weaker, whereas the 
density of states is of the order of magnitude higher. Variation in chemical composition of 
spacers in oxypnictides does not affect the mechanism of superconductivity within this TC range 
and behaves similar to variation of oxygen atom amount in its effect on the electron subsystem. 
This probably leads to changing of density of states at the Fermi level in each band, which 
causes in turn the scaling between both gaps and TC. The conclusion agrees well with that of 
theoretical work [54]. 
 We thank Ya.G. Ponomarev and V.M. Pudalov for valuable discussions and equipment 
provided. The study was supported by RFBR Grants #12-02-31269-mol_a, and #13-02-01451-a. 
 
Parameters of two-gap superconducting state of Sm1-xThxOFeAs determined directly from SNS-
Andreev spectra (Figs. 6, 8)*) and determined from the gap temperature dependence fitting using 
Moskalenko and Suhl model [48,49]**)
 
contact NZ7_c NZ5_c KHL8_f (Gd-1111)  [52]
local
CT ; ; , K 
L
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S
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L
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B Ck T
Δ  4.5;   4.3 4.5;   4.5 4.8;   3.8 
TClocal/TCL 0.86 0.84 0.81 
SS
LL
λ
λ ; 
LS
LL
λ
λ ; 
SL
LL
λ
λ  
0.643;  0.178;  0.018 0.67;  0.183;  0.018 0.628;  0.254;  0.023 
S
L
N
N
α = ;  LL SS
LS
V V
V
β =  9.7;   14.0 10.3;   14.4 11.2;   10.4 
 
*) Local critical temperature of the contact TClocal, value of the order parameters ΔL, ΔS at 
T = 4.2 K, and corresponding BCS-ratios for the local critical temperature TClocal. 
**) “Solo” BCS-ratios for each condensate 2Δi/kBTCi (excluding interband interaction) determined 
using “solo” critical temperature TCL,S for the condensates, the ratio TClocal/TCL, relative coupling 
constants λij/λLL, the densities of states in the bands α = λLS/λSL = NS/NL and the ratio between 
intraband and interband coupling β = (λLLλSS/λLSλLL)1/2 = (VLLVSS)1/2/VLS. 
***) Data for the contact obtained in Gd-1111 sample with TClocal ≈ 49 K [52] are presented for 
comparison. 
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Fig. 1. Dynamic conductance of array contacts #d2 (the number of junctions in the stack is 
N = 2), #d3 (N = 4), #d4 (N = 6), #d6 (N = 5) and #d8 (N = 7) normalized to the spectrum of 
single contact #d1. TClocal ≈ 45 K. All the contacts were obtained on NZ5 sample by sequent 
mechanical readjustment at Т = 4.2 K. The position of Andreev dips for the large gap 
ΔL = (10.8 ± 1.1) meV is marked to by gray areas (covering 10% uncertainty) and nL labels; for 
the small gap ΔS = (2.9 ± 0.4) meV – by dashed areas (covering ~15% range of values), arrows 
and nS labels.  
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Fig. 2. The dependence of Andreev peculiarity positions Vn for the large and the small gap on 
reversed number 1/n for the spectra of contacts with TClocal ≈ 45 K presented in Fig. 1. Solid data 
points are related to the large gap, open ones – to the small gap. 
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Fig. 3. Normalized dynamic conductance of array contacts NZ9_d8 (the number of junctions in 
the stack is N = 6), NZ7_d17 (N = 6), NZ7_c (N = 6; I(V)-characteristic for this contact is 
presented by thin gray curve; dash-dot line depicts ohmic dependence), NZ7_d (N = 6) and 
NZ9_d14 (N = 8). TClocal ≈ 37 K, Т = 4.2 K. The position of Andreev dips for the large gap 
ΔL = (8.3 ± 0.7) meV is marked to by gray areas (covering 10% uncertainty) and nL labels; for 
the small gap ΔL = (1.7 ± 0.2) meV – by dashed areas (covering 10% range of values), arrows 
and nS labels. Dashed lines mark the position of the peculiarity relating to anisotropy degree of 
ΔL order parameter.  
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Fig. 4. The dependence of Andreev peculiarity positions Vn for the large and the small gap on 
reversed number 1/n for the spectra of contacts with TClocal ≈ 37 K presented in Fig. 3. Solid data 
points are related to the large gap, open ones – to the small gap. 
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Fig. 5. Dynamic conductance spectra of NZ5_c contact measured within the temperature range  
4.2 K ≤ T ≤ TClocal ≈ 45 K. The position of Andreev dips for the large gap is marked by nL labels, 
for the small gap – by arrows and nS labels.  
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Fig. 6. Temperature dependences of the large gap (solid circles) and for the small gap (black 
open circles) plotted using spectra of the contact with TClocal ≈ 45 K presented in Fig. 5. 
Normalized dependence ΔS(T)·ΔL(0)/ΔS(0) is shown by crossed circles for comparison. ΔL,S(T) 
fitted by single-gap and two-gap BCS-like models are shown by dash-dot and solid lines, 
correspondingly. 
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Fig. 7. Dynamic conductance spectra of NZ7_c contact measured within the temperature range 
4.2 K ≤ T ≤ TClocal ≈ 37 K. The position of Andreev dips for the large gap is marked by nL labels, 
for the small gap – by nS labels. Dashed line depicts the dI(V)/dV-characteristic of the contact 
measured at 4.2 K after thermocycling. 
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Fig. 8. Temperature dependences of the large gap (solid circles) and for the small gap (open 
circles) plotted using spectra of the contact with TClocal ≈ 37 K presented in Fig. 7. Normalized 
dependence ΔS(T)·ΔL(0)/ΔS(0) is shown by crossed circles for comparison. ΔL,S(T) fitted by 
single-gap and two-gap BCS-like models are shown by dash-dot and solid lines, 
correspondingly. 
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